Background. We identified the need to develop a scientifically rigorous measure of health-related quality of life (HRQL) in dementia that would be appropriate for use at all stages of dementia severity and would be available in both self-and proxy-report versions.
INTRODUCTION
The impact of dementia on patients and its importance as a health policy priority are well recognized (Department of Health, 2001) . Rigorous evidence about the effect of dementia on patients' quality of life is needed to ensure early diagnosis, access to treatment, effective planning of care and support to caregivers. Health-related quality of life (HRQL) is a multidimensional concept that reflects the individual's subjective perception of the impact of a health condition on everyday life (Bullinger et al. 1993) . The challenge of measuring patientbased outcomes such as HRQL in people with dementia has only recently been addressed.
A growing body of evidence suggests that people with dementia have a meaningful experience of quality of life that they are able to report (Cohen & Eisdorfer, 1986 ; Cotrell & Schulz, 1993 ; Ronch, 1996) . Several authors have developed conceptual frameworks to describe the specific experience of people with dementia (Kitwood & Bredin, 1992; Parse, 1996 ; . However, the methodological challenges of measuring HRQL in people with dementia are considerable. Some have argued that it is unlikely that reliable and valid self-reports can be elicited from people with dementia (Albert, 1994) , while others suggest that the subjective nature of HRQL means that it can only be validly assessed by the person experiencing it (Schipper & Levitt, 1985; Brod & Stewart, 1994 ; Lawton, 1997) . Dementia is characterized by disorders of memory, attention, communication, insight, judgementmaking and behaviour, all of which may compromise the ability to self-report. Given the progressive nature of the disorder, the methods of assessing HRQL will need to differ in the early and terminal stages of dementia.
An alternative is to use proxy-reports from caregivers, family members or health-care professionals to provide information. Proxy-reports can show moderate to high agreement with selfreports (Sneeuw et al. 2002) . However, few studies have evaluated the extent of patient-proxy agreement about quality of life in elderly or cognitively impaired people.
To date, eight measures of HRQL for people with dementia have been published (DeJong et al. 1989 ; Albert et al. 1996; Salek et al. 1996 ; Black et al. 1999 ; Brod et al. 1999 b; Logsdon et al. 1999; Selai et al. 2000 ; Terada et al. 2002) . Each of these measures provides at least some evidence of reliability and validity, although all require further tests of validity and none has evaluated responsiveness. Five were developed exclusively for proxy-report and do not evaluate the views of the person with dementia. Of the three self-report measures, two (Brod et al. 1999 b ; Logsdon et al. 1999) were developed in the USA and one (Selai et al. 2000) in the UK.
We identified the need for a scientifically rigorous self-report measure of HRQL in dementia that could be used to evaluate HRQL at all stages of dementia and in a variety of care settings. We aimed to keep the perspective of the person with dementia central in all stages of questionnaire development and evaluation.
METHOD

Questionnaire development
We based the development of the questionnaire on a conceptual framework that included five domains : daily activities/looking after yourself, health and well-being, cognitive functioning, social relationships, and self-concept (Smith et al. 2005b) . We drafted items for each domain of the framework and produced separate questionnaires for the person with dementia (DEMQOL) and caregivers (DEMQOL-Proxy). Draft versions of the questionnaire were piloted with a purposive sample of 12 people with dementia and their caregivers. Particular attention was given to the appropriateness of the timeframe, question stem and response scales as well as any additional queries raised by participants. After piloting, both questionnaires contained 73 items, used a 1-week time-frame and a fourpoint response scale (a lot, quite a bit, a little, not at all). There was also a global question about overall quality of life. The initial versions of DEMQOL and DEMQOL-Proxy contained identical items, but in DEMQOL-Proxy the pronouns were amended for proxy-report. Both questionnaires are self-reported but interviewer administered according to standardized instructions in a users' manual.
Item reduction and preliminary scale development To identify and eliminate items with poor psychometric performance in order to produce a shorter questionnaire, we conducted a preliminary field test with 130 people with a diagnosis of dementia (based on ICD-10 criteria) and 126 caregivers. Participants were identified from community-dwelling clinical contacts in old age psychiatry in South London. Respondent characteristics are shown in Tables 1 and 2 . People with dementia and caregivers were interviewed simultaneously in the home of the person with dementia but separately for privacy. Ethical approval was obtained from the relevant National Health Service (NHS) Local Research Ethics Committee. People with dementia and caregivers provided informed written consent before the interview. Where the person with dementia was unable to give informed consent, we obtained verbal assent from the person with dementia and written assent from the caregiver.
The interview with the person with dementia included DEMQOL, then the Mini-Mental State Examination (MMSE ; Folstein et al. 1975) followed by the interviewer's Clinical Dementia Rating (CDR ; Hughes et al. 1982) . The interview with the caregiver consisted of DEMQOL-Proxy followed by the postal Barthel Index (Gompertz et al. 1994 ) and background questions about sociodemographic characteristics and the amount of time spent with the person with dementia. Questionnaires were administered in the same order for all participants.
We undertook item reduction in two stages, based on a strategy developed in our previous work (Lamping et al. 2002 (Lamping et al. , 2003 . As expected, there was a high rate of missing data, particularly in the self-report data from people with dementia, so we conducted sensitivity analyses to identify an appropriate alternative criterion for missing data. In the first stage of item reduction, we eliminated items that failed the criterion for missing data (adapted criterion for elimination in DEMQOL : >30% ; criterion for elimination in DEMQOL-Proxy >10 %), maximum endorsement frequencies (criterion for elimination: >80%), aggregate adjacent endorsement frequencies (i.e. the sum of any two or more adjacent endorsement frequencies) (criterion for elimination : <10 %) (the WHOQOL Group, 1998), or redundancy (criterion for elimination: inter-item correlations >0 . 75). As the amount of missing data remained high, and to be able to use statistics that require complete data from each case, we used a widely accepted and established method of imputation (Ware et al. 1993 (Ware et al. , 1994 and imputed missing data for respondents who had at least 50% of the remaining items complete using a person-specific mean. In the second stage of item reduction, we used item-total correlations (criterion for elimination : <0 . 25), factor analysis (criterion for elimination : loading <0 . 4 on all factors : cross-loading o0 . 4 on more than one factor with a difference between loadings <0 . 2) and item convergent/ discriminant analysis (Ware et al. 1997) (criterion for elimination : probable or definite scaling failures) to conduct further item reduction and preliminary scale development. Item convergent/discriminant analyses examine whether items are more highly correlated with their own subscale than with another subscale.
Psychometric evaluation
In the final field test we evaluated the psychometric properties of the item-reduced versions of DEMQOL (28 items) and DEMQOL-Proxy (31 items) with 101 people with dementia (based on ICD-10 criteria) and 99 caregivers. Participants were identified from clinical contacts in South London and Nottingham. Respondent characteristics are presented in Tables 1 and 2 . Consent procedures were the same as in the preliminary field test. The large amount of missing DEMQOL data in people with severe dementia (MMSE <10) permitted psychometric evaluation only in the subsample of people with mild/ moderate dementia (n=79). We evaluated DEMQOL-Proxy with people with both mild/ moderate and severe dementia. A subset of cases was randomly selected from London and seven new cases recruited from Nottingham to assess test-retest reliability in 10 people with mild/ moderate dementia and 23 caregivers (17 mild/ moderate and five severe). DEMQOL and other validating measures were administered in the following order for the person with dementia : DEMQOL, MMSE (Folstein et al. 1975) , either the Dementia Quality of Life Instrument (DQOL ; Brod et al. 1999 b) or the Quality of Life in Alzheimer's Disease Instrument (QOLAD ; Logsdon et al. 1999 ) and the 12-item Short Form Health Survey (version 2) (SF-12v2; Ware et al. 2002) . For caregivers, measures were administered in the order : DEMQOL-Proxy, either QOLADCarer (Logsdon et al. 1999 , adapted for proxyreport, Logsdon et al. 2002) or proxy SF-12v2, the 30-item Geriatric Depression Scale (GDS-30 ; Yesavage et al. 1983 ) adapted for proxyreport by a carer (Logsdon & Teri, 1995) and demographic questions. The postal Barthel Index (Gompertz et al. 1994 ) and the General Health Questionnaire (12-item version) (GHQ-12 ; Goldberg & Williams, 1988) were also selfcompleted by the caregiver. The rationale for including each of these measures is given below. Respondents in the test-retest group completed the DEMQOL or DEMQOL-Proxy two weeks later. We used standard psychometric methods (Streiner & Norman, 1995 ; Lamping et al. 2002 Lamping et al. , 2003 ; Scientific Advisory Committee of the Medical Outcomes Trust, 2002) to evaluate acceptability, reliability (internal consistency and test-retest) and validity (content, convergent, discriminant and known group differences). Criteria for acceptability were : missing data for summary scores <5% and low floor and ceiling effects. Given the high rate of missing data for DEMQOL, we adopted a more liberal criterion for acceptability (missing data <20 %) but retained the usual criterion for DEMQOL-Proxy. Criteria for reliability were : Cronbach's a o0 . 7 (internal consistency) and intra-class correlation (ICC) o0 . 7 (test-retest reliability). Content validity is the extent to which items are representative of the construct being measured and is evaluated qualitatively. Convergent validity is the extent to which a construct is correlated with measures of the same or similar constructs. We examined convergent validity in three ways. First, we expected a high association between DEMQOL and DEMQOL-Proxy and the best available disease-specific self-report measures of HRQL, that is DQOL and QOLAD. We compared DEMQOL-Proxy with QOLADCarer. Second, we compared DEMQOL and DEMQOL-Proxy with the SF-12v2, a generic measure of HRQL, and expected a moderate association. For the persons with dementia, we used the interviewer-administered self-report version of the SF-12v2, whereas we adapted the SF-12v2 for proxy-report for use with carers Third, we compared DEMQOL and DEMQOL-Proxy with measures of depression (measured by proxy-reported GDS-30) and disability (measured by proxy-reported Barthel Index postal version). We hypothesized that these should be related to HRQL, but as empirical research on psychosocial outcomes in dementia is still at an early stage, there is little published work on which to base these hypotheses. We therefore agreed tentative hypotheses about the relationship between DEMQOL and DEMOQL-Proxy and depression and disability (moderate association) and investigated them on an exploratory basis. Discriminant validity is the extent to which a construct is uncorrelated with measures of different constructs. We evaluated discriminant validity by comparing DEMQOL and DEMQOL-Proxy with age, gender and social class, and DEMQOL-Proxy with caregiver wellbeing measured by the GHQ-12. We expected no associations with DEMQOL/DEMQOL-Proxy and age, gender and social class. We evaluated known group differences in DEMQOL-Proxy by testing the hypothesis that HRQL would be worse for people with severe dementia, but were unable to do so in DEMQOL because of the small number of people with severe dementia who were able to provide self-reports. We used factor analysis to evaluate hypothesized subscales based on the conceptual framework.
RESULTS
Item reduction and preliminary scale development
Forty-five of the 73 items were eliminated from DEMQOL during item reduction. Factor analysis of the remaining 28 items suggested a four-factor model (daily activities, memory, negative emotion and positive emotion), which accounted for 49 . 9% of the variance. Although some aspects were similar to the conceptual framework, the factor analysis did not fully support the hypothesized domains.
For DEMQOL-Proxy, 42 items were eliminated. Factor analysis of the remaining 31 items revealed a two-factor model (functioning and emotion), which accounted for 35 . 2 % of the variance. This did not fully confirm the hypothesized subscales.
Psychometric evaluation Concurrent evaluation of DQOL and QOLAD
We first evaluated the psychometric properties DQOL and QOLAD to confirm their psychometric properties in our sample. We calculated DQOL and QOLAD in the mild/moderate sample and QOLAD-Carer with both mild/ moderate and severe samples. Missing data were high for the five DQOL subscales (40-50 %) and QOLAD (16 . 6%), although data for QOLAD met the adapted criterion described above. For DQOL the large amount of missing data was probably due to the stringent screening criteria. In addition, because of an administrative error, we had to exclude a small number of respondents for whom we did not administer the screening questions. The proportion of missing data for the QOLAD-Carer (mild/ moderate 5 %, severe 0 %) is acceptable in both the mild/moderate and severe samples. Floor and ceiling effects were acceptably low for all scales.
QOLAD (a=0 . 85) and three of the DQOL scales (self-esteem, a=0 . 87 ; positive affect, a=0 . 78 ; absence of negative affect, a=0 . 83) met the criterion for internal consistency. QOLAD-Carer met the criterion for internal consistency in people with mild/moderate dementia (a=0 . 86) but was just below the criterion in the severe sample (a=0 . 64).
In terms of convergent and discriminant validity, QOLAD is correlated with both the SF-12v2 (PCS r=0 . 73, MCS r=0 . 66) and DEMQOL (0 . 54) QOLAD is moderately associated with age (0 . 57) but not with gender or social class. DQOL is more highly correlated with DEMQOL (DQOL subscale r range from x0 . 4 to 0 . 45) than with the SF-12 (DQOL subscale r range from x0 . 23 to 0 . 68) although the specific pattern of association varies between subscales and the relationship with DEMQOL is moderate. Three DQOL subscales are associated with age (self-esteem r=0 . 63, absence of negative affect r=0 . 46, feelings of belonging r=x0 . 29), one is associated with gender (sense of aesthetics ; p<0 . 05) and none with social class. QOLAD-Carer is moderately correlated with DEMQOL-Proxy in the mild/moderate sample (0 . 52) but not in the severe sample (0 . 29). There is a weak correlation between QOLAD-Carer and carer well-being (GHQ-12) (mild/moderate r=x0 . 36; severe r=x0 . 20). In the mild/moderate sample, QOLAD-Carer is not correlated with age (of either the person with dementia or the carer), gender or social class. QOLAD-Carer is significantly associated with gender of the person with dementia in the severe sample (women with dementia have higher HRQL). However, our evaluation of QOLAD and DQOL was based on relatively small samples and these results need to be replicated in larger samples.
Evaluation of DEMQOL Acceptability. DEMQOL met the more liberal criterion for missing data (see Table 3 ). Floor/ceiling effects and skew were within the acceptable range for people with mild/ moderate dementia. DEMQOL-Proxy met all criteria for acceptability for respondents with both mild/moderate and severe dementia (Table 4 ).
Reliability. DEMQOL shows high internal consistency and good test-retest reliability in respondents with mild/moderate dementia (Table 3 ). DEMQOL-Proxy shows good internal consistency in both mild/moderate and severe dementia. Test-retest reliability for DEMQOLProxy is promising, but falls just short of the criterion in respondents with mild/moderate dementia. Removal of a single outlier case increased the reliability coefficient to 0 . 82 (Table 4) .
Content validity. To ensure content validity for both DEMQOL and DEMQOL-Proxy we developed items to represent all aspects of the conceptual framework. The item-reduced version of DEMQOL includes items from four of the five conceptual domains and the itemreduced version of DEMQOL-Proxy includes all five domains (although one domain is represented by a single item). Although there are core items that are common to DEMQOL and DEMQOL-Proxy, the item-reduced versions contain slightly different items, suggesting that DEMQOL and DEMQOL-Proxy represent complementary perspectives.
Construct validity. For DEMQOL, the results provide moderate evidence of convergent and discriminant validity (Table 3) . Factor analysis did not support the subscales. For DEMQOLProxy, the results provide moderate evidence of convergent and discriminant validity (Table 4) , although for both DEMQOL and DEMQOLProxy, correlations with other disease-specific HRQL measures were lower than expected. The hypothesis of worse HRQL in people with severe dementia was not confirmed. Factor analysis of the item-reduced instrument suggested a two-factor model (accounting for 33 . 3% of the variance) that, although similar to the two-factor model obtained in the preliminary field test, included several items that did not load o0 . 40 on any factor. There is only weak support for subscales.
DISCUSSION
We have developed and validated two complementary measures of HRQL for people with dementia. DEMQOL shows high reliability and moderate evidence of validity in people with mild/moderate dementia (MMSE o10), but has not been evaluated in people with severe dementia (MMSE <10) because of the high rate of missing data in this group. DEMQOL-Proxy shows good acceptability and internal consistency and moderate evidence of validity in people with both mild/moderate and severe dementia, although the sample of people with severe dementia was small. The results presented here need to be confirmed in an independent sample. In addition, evidence for test-retest reliability is promising for both measures but needs further testing in larger samples. Responsiveness is being evaluated in another study.
Normative data are required to make comparisons among subgroups of people with dementia who differ by age, gender, dementia severity and ethnicity. Further work should also evaluate the psychometric properties of DEMQOL and DEMQOL-Proxy in subgroups of people with dementia (e.g. people with severe dementia, formal carers, younger people with dementia and people with dementia from minority ethnic communities) and in economic evaluation. DEMQOL and DEMQOL-Proxy are intended for use in evaluating HRQL in group comparisons in randomized controlled trials or observational studies. The satisfactory psychometric properties of DEMQOL support the contention that self-reports from people with dementia provide reliable and valid data. DEMQOL and DEMQOL-Proxy provide complementary but equally valid perspectives on HRQL. We therefore recommend that for people with mild/moderate dementia, both DEMQOL and DEMQOL-Proxy be used, whereas for people with severe dementia, only DEMQOL-Proxy be used. In longitudinal studies, we recommend the use of DEMQOL-Proxy to ensure that the same method of data collection is used throughout the course of the study, given the expected deterioration over time. Proxy scores cannot be substituted for missing patient responses, as the two measures are complementary rather than equivalent.
The limitations of DEMQOL are that it cannot be used with people with severe dementia, and in people with mild/moderate dementia missing data are higher than usual (13 . 9%). For both DEMQOL and DEMQOL-Proxy, correlations with other disease-specific measures are lower than expected. Given the difficulty in obtaining information from people with dementia and the uncertainties around the data obtained Too few cases DEMQOL, A health-related quality of life measure for people with dementia ; ICC, intra-class correlation coefficient ; QOLAD, Quality of Life in Alzheimer's Disease Instrument ; DQOL, Dementia Quality of Life Instrument ; SF-12v2, Short Form-12 Health Survey (version 2) ; PCS, physical component summary score ; MCS, mental component summary score ; GDS-30, 30-item Geriatric Depression Scale ; ANOVA, analysis of variance ; GHQ, General Health Questionnaire; N.S., not significant ; HRQL, health-related quality of life.
from their proxies, it is unclear whether this reflects limitations in one or both sets of measures. As the measurement of HRQL in people with dementia is at an early stage, our results need to be interpreted in context. We developed our validation strategy using the best available disease-specific measures. Few of these measures have a large body of evidence to support their validity. Similarly, validating measures of disability and depression were not specifically developed for use with people with dementia.
DEMQOL and DEMQOL-Proxy show psychometric properties that are comparable with the best available dementia-specific measures with people with mild/moderate dementia (MMSE o10), and both are suitable for use in the UK. DEMQOL-Proxy is promising for use with people with severe dementia. Both measures, the users' manual and scoring information are available in the online version of this paper and in a previous fuller report .
